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From the Commanding Officer ...

| was pleased with the response to the call for papersin the last edition of the Radionavigation
Bulletin. | think you'll find agood selection inthisone. Thanks; aslong aswe haveinteresting items
toshare, thisBulletinisagreat placeto publish them.

Let mediscussafew of the actionsthat have been keeping usbusy at NAV CEN, and around the

Coast Guard, these past few months. First, we' ve been gaining alot of experiencewiththe USCG’s
maritime DGPS service. At theend of January, the service completed ayear of itsInitial Operating
Capahility (10C) phase. During thisyear, we' velearned quite abit about the capabiilitiesand congtraints
of our equipment, proceduresfor operations and routine and emergency maintenance at theseremotely
located sites, and improvementsrequired. Wearein theprocessof designating LCDR Gary Schenk, DGPS Planning Branch
Chief, as Project Officer to oversee upgrading the DGPS serviceto Full Operating Capability (FOC). During hisproject’s
“driveto FOC,” we expect to upgrade transmitters, antennas, backup power systems, and receiver firmware and wiring; to
operationally certify all siteinstallations; to verify coverage and correct any identified deficiencies; and to upgrade and
standardize operations and support procedures.

Whileonthesubject of DGPS, I’ d liketo take amoment to boast about the USCG accomplishment with thisservice.
Itisthefirst nationwide augmentation of GPSin the United States, and in fact, it has become the model for worldwide
maritime DGPSservice. Inthel OC phasg, it fully meetsan international maritime standard (RTCM SC-104), providing better
than 10 meter accuraciesand lessthan 10 second integrity notifications, throughout virtually all navigable waters of the
United States. Thishasall been donewith commercia off-the-self (COTS) components. Thereare currently 53 DGPS sites
operating along our Atlantic, Pacific, Gulf of Mexico, and Great L akes coasts, including Hawaii, Puerto Rico, and selected
coastal areas of Alaska, and in partnership with the Army Corps of Engineers (ACOE), along the Mississippi River and
tributary systems. Two moresitesare planned with the ACOE to complete Missouri and Ohio River coverage, and athirdis
planned in partnership with Federa Highways(FHWA) and Federal Railways(FRA) for the ColumbiaRiver. The Department
of Transportationiscurrently reviewing the need for nationwide expansion of the serviceto meet other terrestrial users’
requirements.

You'll dsoseeinthiseditionthat NAVCEN hasbeeninvolvedinafew other mgjor initiativesaswell. Commandant
(G-SCE) and the Electronics Engineering Center (EECEN) have begunto deploy the L oran Consolidated Control System
(LCCYS) over the past few months. LCCSwas proposed severa years ago to upgrade the L oran control station technology
and allow reduced staffing. It isbeingimplemented this spring and summer, to consolidate control of the entire CONUS
Loran network at NAVCEN and NAV CEN Detachment. A reduction of somethirty billets accompaniesthis consolidation.
The system has been implemented in phasesfor field testing by existing control personnel at L oran Stations Middletown
and Maloneover thepast few months. Thissummer it will enable NAV CEN Det to take over Middletown’ scontrol functions
and NAV CEN totake over Maone sand Seneca's. Thedraft 1996 edition of the Federal Radionavigation Planindicatesthat
wewill continue operating L oran until December 31, 2000, and L CCSwill help usdo that—more efficiently.

You'll also see several articleson Omega. Thisworldwide radionavigation system, overseen by NAV CEN but
operated by the United States and six partner nations, will cease operations on September 30, 1997. NAVCEN’sOmega
personnel are assisting the Headquarters project officer, Mr. Stew Shoulta(staff member in G-OPN-3), intermination activities.
NAV CEN drafted OFCOsto cease operationsat the two Coast Guard Omega Stations and to cease oversight and support of
the stations operated under six bilateral treaties. Additionally, NAVCEN is preparing a“recognition plan” to properly
commemoratethe end of an era—Omegawastheworld’ sfirst internationally operated, worldwide radionavigation system.

Finaly, all of these changes have required some attention to detail on the homefront. NAV CEN hasreorganized to
accommodate the new functions above and to prepareto eiminate its Omegaresponsibilities. Wehave also begun an effort
to consolidate the DGPSwatch with the Navigation Information Service (NI S) watch in one consolidated operations center.
Thisproject will be complete by June, intimeto accommodatethe LCCSwatch. We have planned the operations center to
also housethe Boating Safety Hotline (USCG Infoline) operatorsand the NAV CEN communi cations center.

Clearly there are exciting changestaking placein radionavigation systemstoday. I’veonly touched on afew of
them—the onesthat are affecting NAV CEN most right now. Thereare other activities, asyou’ ll noteinthearticlesinthis
Bulletin. Specifically, the Civil GPS Service Interface Committee (CGSIC) continuesto bevery active—it has contributed to
many beneficia changesin GPSto meet civil users requirements. The NIS continuesto grow inimportance asakey part of
the Coast Guard’ sdelivery of navigation servicestothepublic. Local Noticeto Mariners(LNM), GPS, DGPS, Loran, and
Omega status and plans, interference reporting, and general navigation information to, and feedback from, the maritime
public resultin some 100,000 hits per week onthe NAV CEN home page on theworld wideweb (www.navcen.uscg.mil). More
on these exciting devel opmentsin the next edition of the Radionavigation Bulletin.

CAPT JamesT. Doherty
Commanding Officer, USCG Navigation Center
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LORANCONSOLIDATED CONTROL SYSTEM

The Coast Guard Electronics Engineering Center isdevel oping the L oran Consolidated Control
System (L CCYS) to reduce personnel and L oran system operating costs. LCCSwill aso replacetheaging
and outdated L oran equipment currently in use. Theprojected savingsfrom LCCSimplementationis$1.1
million per year. Inaddition, thisentire L oran equipment upgradewill betransparent to the L oran user!

Asapart of implementing LCCS, the Coast Guard is moving three of its four Loran control
gtations. Thecontrol station at Middletown, California, will moveto the Navigation Center Detachment
at Petaluma, California. Thecontrol stationsat Seneca, New York, and Malone, Florida, will be combined
at the Navigation Center in Alexandria, Virginia. LCCSwill reduce by half the number of watchstanders required to control
the Loran system in thelower 48 statesresulting in asignificant personnel cost savings. The L oran transmitting stations
which currently host these control stations have 15 to 20 crew members on board and will be reduced to 4 to 5 personnel
whenLCCScomesonline.

WHAT ISLCCS?

LCCSisessentially acomputer with 2 touch-sensitive display screens, keyboards, trackballs, aprinter, and an
uninterruptible power supply. Onecomplete LCCS suitefitscomfortably in asingleworkstation module. Thisreplacesa
room full of equipment consisting of the Remote Site Operating Set (RSOS), the Calculator Assisted L oran Controller
(CALOC), the Chain Recorder Set, and the L oran operational teletype system.

A Portion of the Equipment Suitereplaced by LCCS

The computer memory and storage capabilitiesof LCCSwill eliminatethe need for paper charts, ink pads, rubber
stamps, and chart pens. LCCSisasignificant step toward paperlesswatchstanding.

The LCCS equipment combinesthe control suitefunctionsof two Loran chainsinto asinglesuite of equipment. It
will also automate most routine jobs and help the watchstander diagnose Loran chain malfunctions. With LCCS, one
watchstander will be ableto do the job assigned to 2 watchstanders using the old equipment.

L CCSoperatesintwo modes, either manual or automatic. In manual mode, it analyzestheinformation received from
thetransmitting and monitor stations. When L CCS detectsaproblem, it alertsthewatchstander with both visual and audible
alarms. When the watchstander responds, L CCS provides arecommended course of action to correct the problem. In
automatic mode, LCCS aarmsand then actsto correct the problem. If the problemisbeyond LCCS'sability to correct, it
informsthewatchstander.

LCCSmakesit easer for awatchstander to diagnose and immediately respond to detected L oran chain mafunctions.
By touching the image on the screen, a watchstander can switch between a display of the entire Loran chain or to an
individual Lorantransmitting station or to aL oran monitor station. Entering commentson thetracking chartsor inthelogis
quick and easy. All commandsareamousetouch or two away. Clesar, easy-to-read screenspresent all theinformation needed
for proper operational control of theL oran chain.
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L CCSChain Control Workstation
WHENWILL LCCSGOINTO SERVICE?
Thefirst LCCSwill gointofull serviceinlate Juneof 1997 with thetransfer of control station functionsfrom Loran
Station Middletown, California, to the Navigation Center Detachment in Petaluma, California. Inlate July the Navigation
Center in Alexandria, Virginia, will assume control responsibilitiesfrom Loran Station Malone, Florida. 1nlate August, the
Navigation Center will assume control responsibilitesfrom Loran Station Seneca, New York.

CWO Earl Arnett, NAVCEN

( )

Whereisthe Federal Radionavigation Plan 19967?

Hopefully thisspring we'll haveit. Several issuesare
still under discussion between the Dept. of Defence &
the Dept. of Transportation. When published, it will be

N availablefromtheNIS (seeNISon page 11).

- J
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Coast Guard Differential GPS: Statusand Plansfor theDriveto FOC

AsCAPT Doherty mentioned in hisopening remarks, alot
has happened since January 1996, when Transportation
Secretary Pefialaunched the Coast Guard’ s DGPS system
intothelnitial Operationa Capability (10C) phase. Additional
siteshave been constructed and the Coast Guard ismoving
aggressively to Full Operational Capability (FOC).

A quick statusreport shows 53 sites providing monitored
DGPSsignals. Communicationswith the Puerto Rico site
were established and the Key West site was completed.
Several more sites are expected this year. First, in a
cooperativeeffort with aFederal Railroad Administration pilot
project for positive train separation, the Coast Guard is
establishing a prototype site near Appleton, WA. DGPS
equipment should beinstalled and operating by the end of
April 1997 for aone-year test period. TheUSArmy Corpsof
Engineers is constructing DGPS sites near Omaha NE,
Louisville, KY, and Reedy Point, MD. These sites are
expected to transmit DGPS signalsby theend of 1997.

L et mereview the basic requirements of thisservicewhich
israpidly becoming an essential utility for many users. As
designed, DGPS is expected to be the first federal
radionavigation service capable of meeting the 10-meter
navigation regquirement for harbor entrance and approach.
To beanavigation service, the DGPS system must provide
four basic features: accuracy, integrity, coverage and
availability. Beforel continue, some of you may wonder
whereisrdiability? Whilethelatest Federal Radionavigation
Plan precisely defines DGPS reliability as fewer than 500
failures/million hoursof operation with timeto alarm of less
than 5 saconds, essentidly, reliability of the CG’' sDGPSsystem
isinherently wrapped up in its ability to provide the other
featuresmentioned.

OK, now back to the four basic features. Accuracy and
integrity standardsare already met by the current equipment.
Users should even note a small improvement in accuracy
from arecent reference station firmware upgrade. Where
thereissignal coverage, DGPS providesaccurate corrections
with integrity. Yet, assevera usershaveaready brought to
our attention, the currently deployed system does not provide
coverageto all of the expected areas. Weareinthe process
of collecting datato verify the extent of current coverageand
expect to completeinitial collection by July 97. Initial data
collection efforts are focused on areas where coverage is
suspected to be marginal. Areas with deficient coverage
identified so far are southeast Alaskaand southeast Puerto
RicoandtheVirginldands. Additional sitesarerequiredto
providethe necessary coverageto thoseregions. The Coast
Guard hopesto complete these sites by October 1998.

The DGPS system hastwo equipment deficiencieswhich
precludeit from mesting availability requirements: transmitters
and antennasystems. The Coast Guard expedited entry into
the lOC phase by using existing radiobeaconswith plansto
replacethem with new transmittersin thefuture. Also, many
of our non-radiobeacon siteswereinstalled on or near fragile
wetlands, and backup generatorswere not included to speed
up the environmental assessment process. Again, intentions

aretoinstall new transmitters with battery backup power.
Procurement of the transmittersis proceeding well, and we
expect to have a contract soon. The battery backup is
expected to runtheentiresuite of DGPSequipment, including
thetransmitter, for over 20 hours. Thisfeaturewill greatly
improve performance at many siteswhich are susceptibleto
frequent, short-term power outages. The other major
equipment shortcoming lies with some of the installed
antenna systems which are not very resistant to weather.
Thesetowersarequite susceptibleto dirt, salt andice buildup
and areextremedly difficult tomaintain. A working groupwas
convened to identify a suitable replacement. A prototype
design has been installed at 3 sites in the past 2-6 months
with promising results. Replacement of the remaining 23
troublesome antennaswill take about ayear.

Thetwo replacement projects, transmittersand antennas,
are extensive and require considerable funding and
engineering effortsto complete. Wehopetoidentify funding
and completethese projects by October 1998.

The Navigation Center isalso in the process of certifying
the operational performance of each site. Thisisroughly a
2-day job per site. Operational certificationsare expected to
be completed by theend of 1997.

Now for aquick recap. Inorder for the DGPS system to
achieve FOC, the system must be able to provide accuracy,
integrity, coverage and availability. The system already
providesaccuracy with integrity and, with the new sitesand
equipment upgrades, it will provide coverageand availability.
Theonly change userswill see when the system transitions
from 10Cto FOCisincreased coverageand availability. And
finally, the Coast Guard expectsthe DGPS systemto achieve
FOC by October 1998.

TheNavigation Center’ sDGPSbranchisasoinvolvedin
someother interesting projects. A natural expansion of the
Federal Railroad Administration’ sPositive Train Separation
Project isthe nationwide expansion of federally-provided
differential GPS, probably based on the radiobeacon datalink
system of the Coast Guard. Thisprojectisintheinfant stages
and much work and several important decisions must occur
before national expansion becomes a reality. Another
NAV CEN project will assessthe performance of the latest
model of replacement GPS satellite, the Block IIR. Having
over 50 sites scattered throughout the United States, we have
an excdllent opportunity to monitor signal strengthsfrom the
new satellite at anumber of sitesand provide those results
back tothe Air Force. NAVCEN isaso actively involvedin
coordination of GPStesting and jamming experiments, from
ensuring thetesting does not interferewith our differential
broadcasts to the broader issue of assessing potential
disruption of GPS serviceto mariners.

Therearereally exciting things happening at the NAVCEN
and | look forward to bringing you updates during the next
issue. Usersareencouraged tovisit theNAVCEN'’ swebsite
for information and to submit questions.

LCDR Gary Schenk, NAVCEN

RADIONAVIGATION BULLETIN SPRING/SUMMER 1996 5




USCG DG PS Sl T ES A Fully Operational
B Proposed Future Sites AS OF 5/1/97

FORT STEVENS

HITEFISH PT
\NEEBISH IS
EBOYGAN

AGINAW

‘ (MONTAUK PT
‘z SANDY HOOK

v R _?Er‘"'
2’\ CAPE HENLOPEN
oY {
/ %
m& o
© )

CAPE CANAVERAL

KANSAS CITY

PT ARGUELLO

SALLISAW

MOBILE PT

EGMONT KEY &

ARANSAS VIRGINIA KEY

KEY WEST A

PUERTO R|CO®

KOKOLE PT A

<
egPOLU PT




Electronic Navigation Projectsat theUnited StatesCoast Guard Academy

The Coast Guard Academy is continuing electronic
navigation research in order to expose cadetsto open-ended
engineering problems. First class cadets, as part of their
senior design course, areteamed with engineersto confront
complex navigation problems. Some of the projects are
externally sponsored by NAVCEN, Navy Research and
Development (NRAD) or the Office of National Drug Control
Policy (ONDCP) and may haverdatively short term deadlines.
Students study fundamental electronic navigation principles,
but moreimportantly they implement and test their system
designs in software and hardware. After assessing their
results cadets communicatetheir findingsback tothe project
sponsor. Many of the projectsare normally either extensions
of aprevious year’s effort or are a part of a multifaceted
project in which cadet contributions are only afraction of
the entire effort. Although not al projects are directly
applicable to Coast Guard navigation, the fundamental
conceptsthat cadets master and the skillsthat they develop
are used later throughout their careers as Coast Guard
Officers. Some of the navigation projects for the 96-97
academic year follow:

DGPSAntennaBeam Formingand Null Steering

As a proof-of-concept effort for NAVCEN, this project
demonstratesthat el ectronic beam forming and null steering
improves the signal-to-noise ratio (SNR) of received
differential GPS signalsin the presence of somelocalized
noisesource. A CEl 300kHz, dual magnetic loop antennais
used to receive DGPS signalscentered at 293 KHz. Thetwo
received signals, onefrom eachloop, arecombinedtoforma
figure-8 shaped antenna pattern that isrotated 180 degrees
in5 degreeincrements. Sincewe can rotate the main | obe of
the pattern, wecan asorotatethenull inthefigure-8 antenna
pattern. By rotating thenull toward ad owly moving, localized
source (e.g. thunderstorm) in real timewe can maximizethe
received SNR. Finding the best angle of rotation can be
done empirically or analytically in software. To further
improve the SNR using this method, we de-couple the
magnetic loops in software which deepens the nulls an
additional 20-30dB.

DGPSAntennaM oddling

Numerica Electromagnetic Code4 (NEC-4) isused to mode
various DGPS transmit antennas with top loading el ements.
One of the modeled antennasislocated in Kenai, Alaska.
NEC-4 is used to predict the antenna’s driving point

impedance, efficiency and radiation pattern among many
other metrics of interest. The predicted values are compared
to measurementstaken on siteto help verify theNEC-4 modd.
Future DPGS antennainstallations can be modeled prior to
construction. Similarly, the U.S. Air Force' s Ground Wave
Emergency Network (GWEN) 300" antennain Appleton, WA,
isbeing modeled for NAVCEN and EECEN to evaluateits
potential asafuture DGPS antennasite.

MagneticL oop Based L ORAN Receiver/Indoor
Geolocation

The law enforcement agencies and

Department of Defense are interested

inthedesign of adevicethat transmits

the location of personnel inside

buildings and in urban canyons. In a
1996 project supported by ONDCP and the British Home
Office, the Coast Guard Academy devel oped adual magnetic
loop antennabased LORAN receiver and ran extensivetests
and demonstrations in the urban canyons of London and
New Y ork City and indoors at the Academy. Based on these
tests, plansareto develop aminiaturelow power versionin
FY97 and 98 for urban applications. Indoor military
applicationsrequire greater accuracy than obtainablefrom
LORAN. InaFY97 project for the DoD, the Academy is
developing and testing a very high chipping rate spread
spectrum systeminthe VHF and UHF.

GLONASSResearch

Therearethree phasesassociated with thisproject. Thefirst
isan evaluation of the Russian Global Navigation Satellite
System (GLONASS) time base with respect to Universal

Coordinated Time(UTC). SinceGLONASSand GPSdepend
onvery precisetime measurementsrelativeto UTC, thetime
base resultsreflect the accuracy of the GLONASS system.

The second phase of thisproject isto determinethe capability
of GLONASS, GPSandintegrated GLONASSGPSnavigation
within an urban canyon environment. An Ashtech GG24
integrated GLONASS/GPSreceiver isused to gather datain
London and New York City. Results indicate that the
integrated GPS/GLONA SSreceiver increasesthe possibility
of obtaining afix within restricted visibility environments.

Thefinal phase of thisproject quantifiesthe minimum signal

strength level that isrequired to receive GLONASS signals
insidebuildings. Since GPSand GLONASSaredesigned to
beline-of-sight navigation systems, detecting signalswithin
theinterior of buildingsisvery difficult. Very long records of

digitized RF from both internal and external antennasare post
processed using the data from the external antenna as a
referenceto remove doppler, code, and data permitting very
long coherent integration timeson the signal from theinternal

antenna.

LT David Dermandlian, USCG Academy
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ELECTRONIC CHART DISPLAY AND INFORMATION SYSTEMS (ECDIYS)

I.  INTRODUCTION

In November 1995, the International Maritime
Organization (IMO) adopted Resolution A/817(19),
Performance Standards for Electronic Chart Display and
Information Systems(ECDIYS). Initialy envisioned asapaper
chart equivaent under regulation /20 of the 1974 Safety of
Lifeat SEA (SOLAS) Convention, ECDIS devel opment has
evolved to incorporate advanced technol ogiesto provide a
safer, faster, and more efficient method for navigation. There
arenumerous papersavailable concerning ECDI Stechnol ogy
and applications. In contrast, few papersexist to document
thestatus of ECDISimplementation. Inadditionto IMO A/
817(19), there are three other publications that serve as
guidancefor specifications, procedures, and type approval
for an IMO compliant ECDIS. Theintent of thisarticleisto
provide a snapshot of these publications and acquaint the
reader with the process for formal adoption and
implementation of ECDIS.

Il. ECDIS
Initssimplest form, an ECDIS can bemodeled as:

ECDIS = System performance + Data Format
(IMO A/817(19) & IEC 1174) (IHO S52 & S57)

IMO A/817(19): Performance Standards for Electronic Chart
Display & Information Systems (ECDIS)

IEC 1174: Operational & Performance Requirements:Methods of
Testing & Required Test Results

IHO S-52: Specifications for Chart Content & Display Aspects
of ECDIS

IHO S-57: IHO Transfer Standards for Digital Hydrographic Data

The system performanceisgoverned by IMO A/817(19) and
specified within International Hydrographic Organization
(IHO) Specia Publication 52 (IHO S-52). Thedataformat is
specified by IHO S-57. In addition, the International
Electrotechnical Committee (IEC) is developing IEC
Publication 1174 (IEC 1174). Thispublicationisintendedto
serve asguidancefor ECDIS ‘typeapprova .’

lll. ECDISPERFORMANCE STANDARDAND
RELATED PUBLICATIONS

IMO A/817(19) specifiesperformance standardsfor the
following componentsand functionsof ECDIS:

- display of information

- provision and updating of chart information

- scale

- display of other navigation information

- display mode and generation of neighboring area
- colorsand symbols

- display requirements

- route planning, monitoring and voyagerecording
- accuracy

- connections with other equipment

- performancetests, malfunction alarmsand indications
- back-up arrangements

- power supply

IMO A/817(19) serves astheregulatory policy governing
ECDISfor National Administrations. Thelatest addition to
thisdocument concernsback-up arrangements. Thisaddition
wasformally adopted by IMO in November 1996 and will
become A ppendix 6 to the Performance Standards. *

IHO S-52istheHO Specificationfor Chart Content
and Display Aspects of ECDIS. This document contains
two annexes and three separate appendices. The annexes
provide a cross-reference between S-52 and the IMO
Performance Standard. The appendices provide guidance
for updating the electronic nautical chart (ENC), color and
symbol specificationsfor ECDIS, and aglossary of ECDIS
related terms. The5™ Editionof S-52wasissued in December
1996. Current revisionsto annexesand appendicesfor this
edition of S-52will beissuedinthefirst haf of 1997. 2

IHO S-57 is the IHO Transfer Standard for Digital
Hydrographic Data. Thisstandard wasadopted asthe official
IHO standard at the 14™ International Hydrographic
Conferencein May 1992. The standard includesan object
catal og, an ENC Product Specification, and an ENC updating
profile. Edition 3 of S-57 wasreleasedin November 1996 and
will be*frozen’ for threeyearsto provide astable benchmark
for ECDISproduct development. Whentakenin context with
thelM O Performance Standards, ENCsmust be produced by
or ontheauthority of Official Hydrographic Offices. 2

AtIMO’ srequest, IEC started work in 1992 to identify
the necessary performance tests and checks for an IMO
compliant ECDIS. |EC 1174 specifiesthe operational and
performance requirement, methods of testing and required
test resultsfor an IMO compliant ECDIS. Thefinal draft of
|EC 1174 wascompletedin December 1996 andisundergoing
asix-month review process. Final completionof IEC 1174is
expected to occur by end 1997 and formal adoptionin early
1998. Onceadopted, IEC 1174 will becomethebasisfor type
gpproval foranIMO compliant ECDIS. 4

V. SUMMARY

Anoperational ECDIS must satisfy system performance
requirements, havethe correct el ectronic nautical chart data,
and be able to pass type approval. It appears that the
standards and specifications necessary to support this are
becomingaredlity. IMOA/817(19), IHO S52and IHO S-57
will become stable benchmarksduring thelatter half of 1997.
IEC 1174 isexpected to beformally adopted by early 1998.
Commercial ECDIS manufacturerswill soon have adefined
set of standards, specifications, and procedures to guide
them in the production of ECDIS hardware and software.
Nationa Hydrographic Officeswill need to produceor ensure
the production of the necessary |M O compliant nautical chart
data for these systems. Only by accomplishing these
milestoneswill an operational ECDIS becomearedlity aswe
ventureinto the 21 century.

LCDR Babby Lam, NAVCEN
( See ECDI S Referenceson page 13)
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OMEGA NAVIGATIONSYSTEM TOBE
TERMINATED SEPTEMBER 30, 1997

During the final minutes of September 30, 1997,
another chapter in the history of the U.S. Coast Guard's
continuous serviceto mariners and aviation navigatorswill
cometoanend. After morethan 20 yearsof operation, asthe
first all weather worldwide radionavigation service, the
OmegaNavigation System will beterminated. Like Ocean
Stations, manned lighthouses, and AMV ER/CW Monitoring
on 500 kHz, rapidly advancing technology will soon cause
the Omega Navigation System to become obsolete. The
Omega System will bereplaced by the more accurate Global
Positioning System (GPS), and passinto therich history of
U.S. Coast Guard aidsto navigation.

The OmegaNavigation System isthe culmination
of yearsof research begun by the U.S. Navy prior to World
War |. During theexperimental phase of Very Low Frequency
(VLF) broadcasts, it was discovered that the ionosphere
reflected radiowaves back to the Earth. By employing this
ionospheric property, asignal from asingle station could be
received over animmense portion of the surface of the Earth.
Thisallowed for the devel opment of acost effective system
that would provide worldwide coverage with just a few
transmitting stations. Asaresult, the Omega Navigation
System has been able to provide continuous, worldwide
coverage with a system availability of more than 95% by
employing only eight transmitting stations.

Mr. John Alvin Pierce, the* Father of Omega,” first
proposed the use of continuous wave modulation of VLF
signalsfor navigation purposesin the 1940’'s. Working at
the Radiation Laboratory at the M assachusetts I nstitute of
Technology, he proved the viability of measuring the phase
difference of radio signalsto compute alocation solution.
Mr. Pierce originally called this system RADUX. After
experimenting with variousfrequencies, Mr. Pierce settled
onaphasestable 10kHz transmissoninthe 1950's. Thinking
thisfrequency wasthefar end of the radio spectrum usable
for navigation, Mr. Pierce dubbed thetransmission“ Omega,”
for thelast | etter of the Greek alphabet. Some of hisearlier
experimentsin radionavigation centered on using timed pulses
to determinelocation. Measuring timed pulsesrequired using
higher frequency transmissions that penetrated the
ionosphere, limiting therange of asingle station. Thishigher
frequency system was|ater perfected and isnow known as
theLORAN C system.

In 1963, the U.S. Navy selected Mr. Pierceasthe
chairman of the Omegal mplementation Committee(OIC). The
committee was established to define the transmitting,
receiving, and operational characteristics of aworldwide
Omega Navigation System. Due to the high cost of
constructing VL F antennas (Omegaantennatowersaremore
than 1200' tall), the first experimental transmissions were
actually existing VLF communications stations that were
modified for Omega transmissions. Over 31 possible

transmitting Siteswere considered. Eventually, eight locations
were established as permanent transmitting stations. The
Bratland, Norway station (near the Arctic Circle) andtheHaiku
Valley station on Oahu, Hawaii, originally experimental
gtations, wereamong thefirst inthe system. 1n 1968, theU.S.
Navy authorized full scale implementation of the Omega
System based on the OI C report.

Responsibility for the operation was transferred
fromthe U.S. Navy tothe U.S. Coast Guard in 1971, under
thetermsof Title14, USC 82. The Coast Guard crested anew
command, the OmegaNavigation System Operations Detail
(ONSOD) to operate the system. ONSOD control of the
synchronization of the system was perfected whilethe Navy
Project Officefinished thetask of constructing the stations.
Asconstruction of thefinal six stations proceeded through
the 1970's, ONSOD assumed the duties of engineering
maintenance for those stations as they were declared
operational. Eventually, eight permanent stationslocated in
Bratland, Norway; Paynesville, Liberia; Kaneohe, Hawaii, US;
Lamoure, North Dakota, US; Plaine Chabrier, LaReunion,
France (Indian Ocean); Golfo Nuevo, Chubut, Argenting;
Woodside, Victoria, Australia; and Shushi-Wan, Tsushima
Island, Japan were completed.

Separate bilateral agreements were negotiated
betweenthe U.S. and the six partner nations. ONSOD, later
the OmegaNavigation System Center (ONCEN), wasnamed
the Operational Commander (OPCON) with each partner
nation maintaining responsibility for administrative control
(ADCON). TheU.S. ownsand maintainsall theOmega-rel ated
equipment at each station. The host nation provides
personnel, funding and non-Omega support for the station.
Partner nation crewscomefrom military and civilian sources.
The Argentine and French stationsare crewed by both military
and civilianmembersof their respective Navies, the Japanese
station is crewed by uniformed members of the Japanese
Maritime Safety Agency, while the Australian station is
crewed by civilian employeesof the Maritime Safety Agency
(equivalentsof the U.S. Coast Guard); and the Liberian and
Norwegian stations are crewed by civilian government
employees.

It takes a tremendous effort, on the part of Team
Coast Guard, to providethe system with world-class support.
The organizations involved in this unique international
system include Commandant (G-OPN-3); CG Navigation
Center (NAVCEN), thecurrent OPCON; Engineering Logistics
Center (ELC) Baltimore; Electronics Engineering Center
(EECEN); Civil Engineering Unit (CEU) Cleveland; Civil
Engineering Unit (CEU) Honolulu; CG Finance Center
(FINCEN), Chesapeske, VA; the Eighth Coast Guard Didtrict,
New Orleans, LA; and the Fourteenth Coast Guard District,
Honolulu, HI. Throughout the history of the system, CG
Personnel have distinguished themselves by finding
innovativewaysto deal with the ever-changing international
environment inwhich they must operate. Whether they were
called uponto ship atransformer to Liberiaon short notice,
arrange helicopter support to replace damaged components
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of anantennahigh abovethevalley floor in Hawaii, or contract
maintenancefor the antennain Argentina, U.S. Coast Guard
personnel have alwaysrisen to the challenge and hel ped set
the standard for radionavigation reliability.

By receiving signalsfrom three stations, an Omega
receiver can locate a navigator’s position to within 4NM.
Marinersusing Omegaare ableto accurately fix their position
on the high seas when poor weather conditions preclude
celestial fixes. Aviatorsare ableto plan Great Circleroutes
without regard to the location of Ocean Station positions,
and extend their flight distances. If you have taken a
commercid flight toHawaii or Bermuda, or taken atransoceanic
flightinthe past 20 years, theaircraft you flew on most likely
used Omegaasthe primary enroute navigation system.

Even though the Omega System was originally
designed exclusively for navigation, enterprising individuals
haveingeniously employed Omegasignalswherever they
can bereceived ontheface of the Earth. Collateral benefits
have extended beyond the imagination of anyoneinvolved
in the development and operation of the system. Weather
observersand forecastersare ableto track weather balloons
using Omega signals and can accurately predict weather
patterns. Thistracking ability greatly increased therdiability
of hurricane path predictions. Asaresult, advancenatification
of landfall of hurricaneswasincreased from minutesto hours,
thereby giving potential victimstimeto savetheir livesand
property. Since Omegatransmissionsare controlled by highly
accurate atomic clocks, and timed to within nanoseconds of
each other, users with precise timing needs could rely on
Omegasignalsto provide exact timing benchmarks at any
location in theworld. One of the more innovative uses of
Omega signals was devised by seismologists studying
earthquakes. Simply knowing the precisetimewhen aseismic
shock wave arrived at amonitor station, and correl ating that
time with other monitor stations, a seismologist could
determinethe exact epicenter of the earthquake.

Asremarkable astheindividuals who developed
Omegawere, the operators of the system have provento be
an equally extraordinary group of dedicated professionals.
Despite operating in some of the most remote cornersof the
earth, the crews at Omega transmitting stations have
maintained an unparallel ed record of success. Consistently
operating well abovethe advertised goal of 95% availahility,
the stations have been ableto provide high quality signals
more than 99.93% of thetime. The U.S. Coast Guard has
operated thetwo U.S. stationssincethe early 1970’s. The
difference between thelocations of thetwo stations mirrors
thewidediversity of the 6 internationally operated stations.
OMSTA Kaneoheislocated on the north shore of anisland
paradise, Oahu, Hawaii, in sight of some of the best surfing
intheworld. OMSTA Lamoure, North Dakota, islocated
over athousand milesfrom the nearest ocean. Itistruly an
amazing sight to seemembersof theworld' spremier maritime
service, working to provide essential navigational guidance
tomariners, from near thegeographic center of North America.

Appropriately, a nation with one of the largest
merchant fleetsin theworld operates an Omegastation. On

thewest coast of Africa, OMSTA Liberiahastwicewithstood
civil wars, looting and outright attacks, only to rise like a
Phoenix from theashes, to resumetransmissions. Asaresult
of the attacks, the crew has operated the station under the
protection of the East African Community Military
Observation Group (ECOMOG). A platoon of infantry, and
an ECOMOG tank, have been deployed at the station to deter
actsof violence against thefacility, since 1992. Intheearly
1990’ s, during an extended period of civil unrest, morethan
26,000 refugees sought sanctuary under the umbrellaof the
Omega antenna. The promise of safety might have been
brought about by the knowledge that, amidst the death and
destruction of the civil unrest, the Omega antennawasthe
symbol of abeaconto theworld. Silently guiding shipsand
planessafely totheir destinations, thissymbol of theoutside
world, forged atenuouslink between internationa travellers
and thistiny war-ravaged country.

Far tothenorth, in Norway, amuch different battle
transpiresevery day. Thecrew of OMSTA Norway labors
against the relentless Arctic Cold, long winter nights that
giveway to fleeting moments of daylight, and the grinding
isolation only theresidentsof the Arctic tundracould explain.
Operating in one of the harshest environments on the face of
theearth, OMSTA Norway hasproven to beamong themost
reliablestationsinthe system. Thiscrew, justasmall part of
the international Omega team, has proven that thereis no
way to keep an Omegastation off theair for very long.

The Omega Navigation System has meticulously
served the needs of navigators, numbering into the hundreds
of thousands, over the past 20 years. By employing new
technologies, the operating agencies involved with the
system have been able to reduce their staffs to minimum
numbers, and kept their collective annual coststo lessthan
$15M U.S. dollars. Despitedl this, Omegaisinthetwilight of
along and successful run. Mr. Pierce, warning of complacency
inachievement, wrotein 1989:

The feeling of triumph [one]
enjoys when he has reached the end of a
difficult course may itself be enough to
blind him to any further advancethat might
bepossible. Inafoot race, or whenkilling
anenemy, aclear end can bedistinguished.
But in most activities in life, every
achievement is usually only a step on a
long path. (Excerptfrom“NEVER STOP
THINKING" by J. A. Pierce)

Thesunisnow risng onanew erainradionavigation,
and itisthe Global Positioning System’ stimeto pick up the
baton. The tradition of dependability has been set by its
radionavigational ancestors. The navigators of the world
deserve, and will get, no lessthan the excellence that they
have cometo expect from U.S. radionavigation systems.

LT Kenneth Pierro, NAVCEN
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TheDGPSWatchstander

A DGPS watchstander is very similar to being a
Maytag repairman, you are ready to spring into action at the
dlightest hint of trouble. Asan Electronics Technicianthis
job requiresmore brain than brawn. Being arocket scientist
isadefinite pluswhen it comesto understanding GPS and
DGPS theory, but is not a requirement for the job. What
followsis adescription of how I carry out my duties as a
DGPSwatchstander.

Prior to assuming the watch | check the current
GPS satellite statusto be aware of any coverage outagesthat
may occur during the day. Next | look at the Differential
Broadcast Site Monitor (DBSM) display, whichisamap of
the United States and Puerto Rico, with an overlay of all the
DGPSsites. The DBSM monitorsthe physical conditionsat
asiteand alertsmewhenit detectsachangein status. These
conditionsinclude high and low temperaturealarm, intrusion
alarm, lossof primary power, and equipment currently on-
line. After ensuring al iswell, accordingto DBSM, | takea
seat at the heart of the Differential Global Positioning System,
the Control Station.

Infront of the Control Station | am the master of all
| survey. Atmy finger tipsaretwo Hewlett Packard UNIX
computers. | havethe capahility of switching site equipment
from side A to side B, and powering up or powering down
the equipment. | can also query each Integrity Monitor and
Reference Station for such information as beacon signal
strength, number of satellitesbeing tracked, radial position
error and any other data critical for signal and accuracy
analysis. Another tool at my disposal isthe Control Station
Data Analyzer. This software allows meto print detailed
plotsof signal strength, signal to noiseratio, and message
error ratio. | also handle numerous calls from the public,
mostly asking when and wherethe next DGPS sitewill be

constructed.

Suddenly ared darmflashesonthe 35inch auxiliary
monitor “HIGH POSITION ERROR”. | ingtinctively request
confirmation from the standby Integrity Monitor. Datafrom
the standby equipment confirmsthat the DGPS signal has
exceeded the 10 meter tolerance. | wield my mighty trackball
feverishly clicking menu commandsto resolvethe problem. |
can then stand down from the alarm condition, secureinthe
knowledge that accurate corrections are once again being

transmitted. My victory is short lived though as another
darmcomesacross “ZEROBEACON SIGNAL”. Onceagain
| cross check thisalarm with the redundant equipment at the
attention beepfrom DBSM isdl the
confirmation | needs. The status
screen on DBSM tells me the
radiobeacon has indeed failed.
Unabletorestorethesiteremotely,
technicians. After thetechnicianshave been notified, | turn
my attention toward | etting the public know about the outage.
First, | select the proper menu so thetype 16 RTCM message
can be accessed. This message type allows me to input a
plain text message whichwill betransmitted by the adjacent
theusers differential receiver. Next | request a Broadcast
Noticeto Mariners(BNM) from the Navigation Information
Service (NIS) watchstander, also located at the Navigation
Center. TheNISwill issuetheactual BNM, aerting vessel
trafficto the DGPS outagein that area.

failed site when suddenly an
18"

| am forced to call in the local
sites. Thismessage will then bereceived and displayed by
Andthisisatypical day inthelife of aDGPSwatchstander.

Electronics Technician 1 % ClassDamon Raley

Writeto:

Commanding Officer (NIS)

US Coast Guard Navigation Center
7323 TelegraphRd

AlexandriaVA 22315-3998
Tdephone (703) 313-5900

Fax: (703) 313-5920

Contact theBBS, call:

Tdephone (703) 313-5910

M odem speeds of 300 to 28,800 bps& most comman U.S.
or international protocol s are supported.
Communication parameters: 8 databits, No parity, 1 stop
bit, asynchronouscomms, full duplex.

I nternet:
http://www.navcen.uscg.mil
ftp://ftp.navcen.uscg.mil

E-mail:
nisws@smtp.navecen.uscg.mil

Navigation I nformation Service (NI S)

Fax on Demand (FOD):
Navigation Information 24 hoursaday at:
Telephone: (703) 313-5931/5932

NIS24-Hour GPS/OMEGA Recording:
GPS: Tdephone(703) 313-5907
OMEGA: Telephone(703) 313-5906

WWV/WWVH Radio Broadcast:

WWYV broadcastsby telephoneor radio at 14-15 minutes
past the hour and WWV H at 43-44 minutes past the hour.
Radiofrequencies: 2.5, 5, 10, 15, 20 MHz

Telephone: (303) 499-7111

Boating Safety Infoline:

Get information on boating safety recalls. Report possible
defectsin boats. Comment on USCG boarding procedures.
Get boating safety literature & answersto questions.
Tdephone (800) 368-5647
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WIDE-RANGING SDE EFFECTSOFOMEGA

Theimpact of the discontinuation of Omegain 1997 will
affect not only those system users directly involved in
navigation, tracking, and timing, but othersaswell. Because
of their prominent antennas and interesting mission, many
Omega stations are recognized intheir local areasas major
tourist attractions, including official listingsand picturesin
areatourist brochures. Omegastation North Dakotaislocated
inthetown of LaMoure, with apopul ation of lessthan 1000.
Withinthissmdl townislocated the OmegaMotd, the Omega
Plaza, and the OmegaRoom at one of therestaurants. Omega
Station Norway has a prominent sign along the road near
the helix building proclaiming their antennaasthelongest
antenna span in Europe. The Japan tower is the highest
structurein Japan, and the Argentinaand Liberiatowersare
the tallest structures in their entire continents. Australia
registers over 10,000 visitors per year to its station. Once
Omegaisterminated and the facilities demolished, these
attractionswill no longer exist. And someday peoplewill
wonder why all those placesin southeast North Dakotaare
named Omega.

Mr. Robert Hoyler, NAVCEN

Reduced Costsfor " Omega-Like" Systems

Despite theimpending termination of the Omega
Navigation System on September 30, 1997, thereisstill alot
of interest by avariety of usersfor continuing VLF navigation.
IntheU.S. alone, several organizations have suggested such
aninterest, even though individually they could not justify
supporting theentire OMEGA system. Organizationswhich
have expressed interest include: U.S. Navy submarine polar
operations, U.S. Navy P-3 operations, U.S. Nationa Westher
Service, NATO-AWACS, somemgor and smdler airlinesand
charter operators, scientific userssuch aswildlifetracking
on both land and sea, and scientific researchers in VLF
ionospheric propagation. Some potential ongoing usershave
indicated that although it would be beneficial to themif the
system were to continue, the benefits would not justify
bearing the entire expense on their own, and therefore they
would need to seek alternative solutions.

Although the Omegasystem, asit isknown today,
(eight transmitting stationsin and supported by seven Partner
Nations, coordinated by the U.S. Coast Guard, and overall
synchronization by the Japanese M aritime Safety Agency)
will likely end on schedul e this coming September, thereare
somesignificant areasof investigation that could beexplored
by any organization or group of organizations wishing to
continuetheir capability for VLF navigation or tracking. The
major benefitsof VL F navigation are predictableworldwide
propagation, propagation under the surface of the Earth (both
land and sea), extremely low cost receivers (making
“throwaway” unitseconomically feasible), and relatively low
overall system cost.

Despite OMEGA'salready relatively low cost, an
“Omega-like” system could be even less expensive to

operate. Cost reductions could be realized in three basic
aress.

1. Reduced transmitted power. Electric power isone
of thetwo biggest costsitemsat an Omega station. Actual
measurements have shown that OMEGA signal strength
levelson the Earth’ s surface are higher than were predicted
by the original theoretical calculations on which the
transmitted power requirementsof 10KW were determined.
Early experimentd tests showed good resultswith transmitted
power levelsof lessthan 1/10 of present levels. Also, receivers
aremore sensitive now than they werein the 1960swhen the
transmitted power levels were determined. In addition to
directly reducing power costs, reduced transmitted power
alsoincreasesequipment reliability and reduces maintenance
costs. Power costs could easily be reduced by at least a
factor of two with no unacceptable operational effects.

2. Reduced personnel. Personnel costsat Omega
stationsisthe other of thetwo biggest costs. Techniquesto
reduce staffing include reducing power requiring less
maintenance personnel, allowinglonger MTTR (eliminates
need for full-time staffing), simplifying synchronizing
techniques (now possible using GPS), and expanding use of
remote monitoring/control. The new timing and control
equipment allowsfor additional automation. A reduction by
at least afactor of 2 should be possible with no problem.
Present Omega stations operate with staff sizesranging from
30at Liberiato5at Australia, with an average of about 16. It
isconceivablethat at least some of the stations could even

be totally unattended, resulting in major reductions in
personnel costs.

3. Reduced coverage. For limited coverage, the
present 8-station system could be reduced to aminimum of 3
to 4 stationswith one acting as abackup.

If cost reductions of the type described were
implemented, it could makeit economically feasiblefor one
or more organi zations to continue operation of amodified
“Omegarlike” system.

Mr. Robert Hoyler, NAVCEN

The deadline for article
submissions for the next
Radionavigation Bulletin
is September 1, 1997.
Please see " Contributers"
on page 1.
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While stationed over seas as the Coordinator of Chain Operations for the Mediterranean Sea
Loran-C Chain, | conducted a contest in our monthly Activities Europe Newsl etter to find the best story describing
Loran to our non-radionavigating relatives back home. Thetarget audiencewasour typical "Aunt Judy" whose
technical background islimited to recording primetime TV programs. SN Don Hunley, one of the control station
watchstanders, won the contest with this captivating story bel ow.

LT JimElbe, NAVCEN

LUNAR ORBITATIONAL RADIOWAVE ALTITUDE NATURALIZATION
by Don Hunley

Between 1939 and 1941 some of the nations|eading scientists expressed early concern over the unprepared state
of U.S. military technology. Astheir collective concerns grew, they eventually formed the National Defense
Research CommitteeBLAH, BLAH, BLAH.

That version of the story isgreat if you want to be spoon-fed an obviousfalsity. Thisliewas concocted by the
super powersin an attempt to keep children from waking up in the night screaming and sweating about thereal truth.

Thetruthisasfollows.

In early 1935 select high ranking officialsin several of theworld’ smost powerful countrieswere contacted by a
race of beingsfrom aplanet outside our solar system. These officialswereinformed that the gravitational orbit of
our moon was being affected by forcesthat would lead to itseventual collapse and themoonwouldfall directly into
our planet. Thestellar positioning of Earth providesareference point for these beings and istherefore of valueto
them. If Earth were taken out of its position by violent
contact with the moon the result would have a negative
effect of the navigational capabilities of these creatures. .

Several attemptswere madeto perfect asystemtoretain
thegravitational field of the moon but the scientistsof Earth
were in aprimitive stage of advancement and the aliens
agreed to provideasystem and teach usto maintainit. By m
emitting aseriesof pulsesweareableto stimulatethemoons
gravity field, much like stimulating ahuman muscle with
low voltageelectricity. Thesignal that we produce strikes
the moon at calculated angles and induces aturning effect.

Asthemoonturnsit buildsastable gravity fieldandisable
to maintain itscurrent altitude and position.

The acronym LORAN does not stand for Long Range
Aids to Navigation but Lunar Orbitational Radiowave
Altitude Naturalization. The procurement of thisinformation
was not without its price. Myself and many others
underwent arduous physical and mental torturein pursuit
of thetruth. Do not let thissacrificebeinvain. Theaunty
Judys of theworld deserveto know thereal story.

Goforth and speak thetruth. LORAN issaving our planet.

ECDI S References from page 8

1 Internationa Maritime Organization," IMO
Resolution A/817(19)," November 1995

2 International Hydrographic Organization," 1HO
Special Publication 52, Edition 5," December 1996

3 Internationa Hydrographic Organization,” 1HO
Special Publication 57, Edition 3,” November 1996

4 |nternationa Electronic Commission,” IEC
Publication 1174 (CDV)," March 1997

RADIONAVIGATION BULLETIN SPRING/SUMMER 1996

13




